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(wherein R. R\ R*. R* and R 4 are defined in the specification) pharmaceutical formulation* thereof, their 
use in medidno, in particular as antiviral agents and methods for their preparation are described. 
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This invention relates to a new class of chemical compounds and to their use in medicine. In particular 
the Invention concerns new 4-substituted-2-deoxy 2.3-didehydro derivatives of a-D-neuraminic add. methods 
for their preparation, pharmaceutical formulations thereof and their use as antiviral agents. 

Enzymes with the ablity to desve N- acetyl neuraminic acid (NANA), also known as sialic acid, from other 
s sugars sre present In many microorganisms. These Induds bacteria such as vibrio cholerae, Clostridium per- 
fringens. Streptococcus pneumoniae, end Arthrobacter slalophifua. and viruses such ss influenza virus, par- 
ainfluenza virus, mumps virus, Newcastle disease virus, fowl plague virus, and Sandal vfrua. Moat of these 
viruses sre of the orthomyxovirus or paramyxovirus groups, and carry a neuraminidase activity on the surfsce) 
of the virus part id at. 

io Many of the neursmlnidase-possessing organisms are major pathogens of man and/or an imais, and some, 
such aa influenza virua. Newcastle disease virus, and fowl plague vfrus, cause diseases of snormoua eco- 
nomic Importance. 

It haa long been thought that Inhibitors of neuraminidase activity might prevent Infection by neuramfnldese- 
bearing viruses. Most of the known neuraminidase inhibitors are analogues of neuraminic acid, such aa 2-de- 
18 ojry-2,^didehydn>N-eoetyl neuraminic acid (DANA) and its derivetivee. See, e.g., Meind etaL. Wology 1974 

58 457-63. The moat active of theee ta 2-deoxy-2.3-dehydro-N- frTfluorc^cetyt-neuraminic acid (FANA). which 
inhibits multi-cyde replication of influenza and parainfluenza viruses in vitro . See Palese et al. . Wology 1974 

59 490-498. 

A number of 2^eoxy-2.3-didehydro-N-acetytneuraminic acid derivativea are known in the art (see for ex* 

» ample P Meindi et si .. Virology, 53, 457-483 (1974); P Meindl and H Toppy. Mh, Chem, 100 (4), 1295-1306 
(1969); M. Flaahneretal.. Carbohydrate Research 103. 2810785 (1982); EZbiral et al.. Letoioa Ann Chem 1989. 
1 59- 165; T Ogawa and Y Ho. Tetrahedron Letters 28(49). 6221 -6224 (1 987); T Goto et a!. . Tetrahedron Lcttsrs 
27(43). 5229-5232 (1986): H. Ooura et al. . Chem. Pharm. Bull 38 (12), 4807-4813 (1988); German OffenJe- 
gungschrift P 1439249. Many of these compounds are active egeinst neuraminidase from V. choJerae or New- 

25 castle disease virus ss wee* aa that from influenza virua. Neuraminidase in at least some strains of influenza 
or parainfluenza viruses haa also been reported to be inhibited by Va7a-? H trirlrtnTy i nip 0 arabinrjctonie 
acid 6-lactone and O-a-N-ecetyl-O- neuraminoeyH 2«->3)-2-ac«tamido-2-deoxy-D-glucoee Zakttel'skaya et 
si., Vop. Virol. 1972 17 223-28. 

Neuraminidase from Arthrobacter sialophilus is inhibited by the glycota 2.3-dehydro-4-epi-N-ecetyl-neu- 

» raminic acid. 2.3-dehydn>2- deojcy-N-acetyt neuraminic acid and 5-acetamido-2.8-anhydn>2.3,5- trideoxy-O- 
rnannonon-2-en-4-ulosonste. and by their methyl esters. See Kumar eteJ.. Carbohydrate Res. 1981 94 123- 
130: Carbohydrate Res. 1982 103 281-285. The thto analogues 2-a-ezido-6-thk>neursrTtinlc add and Z3-de* 
hydro-6-thloneuraminic add, Mack 6 Brossmer. Tetrahedron Letters 1987 28 191-1 94, and the liuorineted ana- 
logue N-ecety1-2.3-dlfluorc-o-0-neuramlnlc add. Nakajima et aL Agric Bid. Cham. 1968 52 1209-1215, were 

35 reported to Inhibit neuraminidase, although the type of neuraminidase was not Identified. Scftmld et ai. Tet- 
rahedron Letters 1958 29 3643-3646, described the synthesia of 2-deoxy-N-ecstyl-a-D-neuraminlc add. but 
did not report Its activity or otherwise against neuraminidase. 

None of t he known Inhibitors of neuraminidase actMty In vitro haa been shown to possess antiviral activity 
In vivo , and indeed some, such aa FANA, have specif Icalty been shown to be tasctlve In vivo . Thus the con- 

40 ventionai wisdom haa accordingly considered that compounds exhibiting in vitro inhibition of viral neuramini- 
dase would not effect an In vivo blockade of virus infection. 

Melndl and Tuppy, Hoppe-Seyter'e Z. Physiol Chem. 1969 350 1088, described hydrogenetion of the ole- 
finic double bond of 2- deoxy~2,3-dehydro-N-ecofylneuraminic add to produce the (J-snomer of 2-deoxy-N- 
scetytneuraminle acid. Thla (J-anomer did not Inhibit vibrio choleras neuraminidase. 

«5 The most potent jnvttro Inhibitors of viral neuraminldaae have thua been identified aa compounda that are 
baaed on the neursrnmic add frame woik. and theee ere thought by some to be transition-state analoguea. 
Miller etal., Btodmi BJopnye. Re*. Comm. 1 976 83 1479. But while many of the aforementioned neuraminic 
acid analoguea era cttnpetaive inhibitors of neuraminidases, to date, none haa been reported ss snowing anti- 
viral activity tnvfrOL for e xa mple, although-* haif-planar. unsaturated 6-member ring system has been asserted 

so to be important for MiMory activity, see Oernick etal. in ANTIVIRAL CHEMOTHERAPY (K. K. Gauri ed.) Acad- 
emic Presa. 1981. at pagea 327-336. some compounds characterized by such a system, notably FANA, have 
been reported not to possess in vivo anti-virsJ activity. See Palese end Sen ui men in CHEMOPROPHYUOQS 
AND VIRUS INFECTION OF THE UPPER RESPIRATORY TRACT. Vol. 1 (J. S. Oxford ed.) CRC Presa, 1977. 
at pages 1 89-205. 

55 We have now found a novel class of 4-substituted 2,3-didehydro derivatives of a-D-neuraminic acid which 
are unexpectedly more active than their corresponding 4-hydroxy analoguea and which are active in vivo. 
The invention therefore provides in e first aspect compounds of formula (I) 
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1$ wherein R It hydrogen or substituted or uneubstltutad Ci.*alky1 (e.g. methyl, ethyl) or try! (e.g. phaoyi); and 
R 1 , R J , R* ind R 4 , which may ba the same or different are hydrogen, substituted or unsubstltutad C*.«aikyt 
(e.g. methyl, ethyl), Cvscydoalkyl (e.g. cydopentyl) or C, ^alkoxy (e.g. methoxy, ethoxy), substituted or un- 
substltutad aryl (e.g. phenyl) or araikyt (e.g. phenC^kyl such as benzyl), substituted or unsubstltutad arytoxy 
(e.g. phenoxy) or aralkytaxy (e.g. phenCt^alkoxy such as benzyloxy), amino, hydroxy, cyano. nitro. COR 1 , 

30 COtR* or SO?R* (in which R 4 is hydrogen or substituted or unsubstttuted d^aikyl or araJkyl) or CONRW fin 
which R« and R r , which may be the same or different are hydrogen or substituted or unsubstltutad Ci~#*lkyl 
orsraikyi). 

or R 3 and R*. together with the attached nitrogen atom, form a saturated or unsaturated monocydic 5 
J5 to 7-membered ring (e.g. pipendine. pyrrolidine) which optionally contains an additional heterostom (such as 
nrtrogan. oxygen or sulphur), 

or R 1 and at least one of R* and R 4 , together with the attached N-C-N chain, form a saturated or unsa- 
turated monocydic 5 to 7-membered ring (e.g. imidazole) which optionally contains an additional heteroatorn 
(such as nitrogen, oxygen or sulphur), 
w orR* snd st least one of R* end R*. together with the sttsched N»C-N chain, form an unaaturated mono- 

cydic 5 to 7-membered ring (e.g. Imidazole) which optionally contains an additional heteroatom (such as ni- 
trogen, oxygen or sulphur), 

w*h the proviso thai at least one of R 1 , R J . R* and R* Is other than hydrogen, 

and pharmacsutically acceptable salts of the compounds of formula (I) and pharmaceuttcaUy accept- 
u able derivative* thereof. 

In the compounds of formula (I) the substftuanta msy themselves bear subatttuanta conventionally asso- 
ciated In the art of pharmaceutical chemistry with such substltuenta. 

C,_»alkyl and alkoxy as used herein indudea both straight chain (e.g. methyl, methoxy, ethyl, ethoxy) and 
branched chain (e.g. rsopropyi. isopropoxy. t- butyl) alkyl and alkoxy groups. 
4, Preferably R is methyl or halogen substituted methyl (e.g. FCH* F 2 CH-, FjC). 

Preferably R 1 , R l . R 3 and R 4 , which may be the same or different are hydrogen. Chalky! (e.g. methyl), 
amino, hydroxy, cyano. C^alkoxycarbonyl or nitro. with the proviso that at least one of R*. R 1 , R* and R* ts 
other than hydrogen. 

In a particularly preferred group of compounds of formula I R la methyl; R 1 ts hydrogen; and one of R* 
4$ R* snd R 4 Is methyl, amino, hydroxy, cyano or nitre and the others are hydrogen. Within this group R\ R* snd 
R 4 are pref arably al hydrogen. 

It wil ba spprodated by these) exiled In the art that the compounds of formula (I) may exist In tautomeric 
forms. Ths pre earn Invention indudea compounds of formula (I) and tautomsrs thereof. 

It will be appreciated by thoae skilled In ths art that In formula (I) the stereochemistry ta abeolute at pos- 
50 ft tons C4. C5 and C8 but shows only the relative stereochemistry of the two OH groupa at positions C7 snd 

ca. 

By pharmaceUtcally acceptable derivative ts meant any pharmaceuticaily acceptable ester or salt of such 
ester of the compounds of formula (I) or any other compound which upon administration to the recipient la ca- 
pable of providing (directly or indirectly) a compound of formula (I) or an antrvirally active metabolite or residue 
55 thereof. 

It will be sp predated by those skilled in the art that ths compounds of formula (I) may be modified to pro- 
vide pharmaceuticaily acceptable derivatives thereof at any of the functional groups in the compounds. Of par* 
ticutar interest as such derivatives are compounds modified at the C*1 carboxyt function, the C-7 or C-9 hy- 
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droxyt functions or at amino groups. Thus compounds of Interest include C-1 alky! (such as methyl, ethyl or 
propyl e.g. tsopropyt) or sryl (e.g. phenyl, benzoyl) esters of the compounds of formula (I). C-7 or C-9 esters 
of compounds of formula (I) such as acetyl esters thereof, C-7 or C-9 ethers such as phenyl ethers, benzyl 
ethers, p-toiyl ethers and acyleted amino derivatives such as formyl, acetamido. 
a It will be appradata)d by thoaa skilled in the art that the pharmaceutical^ acceptable derivatives of the 

compounds of formula (I) may ba derive ti sad at mora than one position. 

It will also be appreciated by thoss skilled in the art that compounds of formula 0) containing certain conv 
blnationa of substltuenta R\ R*. R' and R* may ba unstable or difficult to synthase*, for example whore R* 
and R 4 are both hydroxy. Pharmaceutical! y acceptable dertvattvea of such compounds may be more stable or 
10 more readily aynthesised and era preferred. 

Pharmacautfcally acceptable salts of the com pounds of formula (0 include thoaa derived from pharma- 
cautlcally acceptable Inorganic and organic acids and bases. Examptea of suitable acids indude hydrochloric, 
hydrobromic sulphuric nitric perchloric hj marie maieic phosphoric, Qlycdllc lactic salicylic succinic tol- 
uene-o-euiphonic. tartaric acetic citric mat hanesu I phonic, formic, benzoic malonic naphthalene-2-euiphon- 
1$ ic and ben2aneaulphonic adda. Other adds such aa oxalic while not in themselves pharmacauticaily accept- 
able may ba useful in the preparation of aaita useful aa inter mediates in obtaining compounds of tha invention 
and their pharmacauticaJly acceptable acid addition salts, 

Salta derived from appropriate bases indude alkali metal (e.g. sodium), alkaline earth metal (e.g. magne- 
sium), ammonium and NR/ (where R b Chalky!) salts. 
so References hereinafter to a compound of tha invention Indudee tha compounds of formula (I) and phar- 
maceuticaJry acceptable salts and derivatives thereof. 

It will be appreciated by thoaa skilled m the art that the nomendature of the compounds of formula cm 
be defined In a number of ways. Tha compounds of formula (I) are. genericaily, 4-subatttuted anaioguaa of 2- 
deo*y-2.3-dldehydro-^acar/tneuramlnic acid; thus following names are synonymous:* 
25 5-<Acary*amir»>-4-eu6atfnver*^ «cid 
S-Acetamido-^uDSttuevtf-2.3.4.54^ acid 

Preferred oompounda of tha Invention indude:- 
5^Aes^aitw)^arfw»o<m^ f>^ycaro-f>galacto-non-2- 

enomic aodr 
* 5-<Acery4arrir«H^amtno<arnin^ 

enomie acid; 

5KAcery4anino>^armno^ 
onicacid; 

5-<Acety1arnino)^8ri^hy^^ 
x 2-anonie acid; and 

5^Ac«tylarr«no)^amtna](etriOjr/ca*^^ 

to-non-2-enonic add; tautomere thereof and pharmacauticaily acceptable salts and derivatives thereof. 

The compounds of formula (I) possess antiviral activity. In particular these oompounda are inhibitors of 
viral neuraminidase of orthomyxoviruses snd paramyxoviruses in particular neuraminidase, for example the 
40 viral neuraminidase of influenza A and B, parainfluenza, mumps and Newcastle disease. 

There is thus provided in a further aspect of the invention a compound of formula (I) or a pharmeceuticaify 
acceptable salt or derivative thereof for use as an active therapeutic agent in particular as an antiviral agant 
for example in the treatment of orthomyxovirus and paramyxovirus infectiona. 

In a further or altar native aspect there is provided a method for the treatment of a viral infection, for ex- 
4* ample orthomyxovirus and parerm/xovirua infectiona in a mammal including man comprising administration of 
an effective amount of a compound of formula (I) or a pharmacauticaily acceptable salt or derivative thereof. 

There is also provided In a further or alternative aspect usa of a compound of tha invention for tha man- 
ufacture of a MMiHiMisai* fnr tha treatment of a viral Infection. 

It witt ba aiijaaisaaiil by thoaa sailed in the art that reference herein to treatment extends to prophylaxis 
» as wen aa tha MiMnt of established Infections or symptoms. 

It wiU be further appredatad that tha amount of a compound of tha invention required for use In treatment 
will vary not only with tha particular compound selected but also with the route of admlnietration, tha nature 
of tha condition being treated and tha aga and condition of tha patient and will ultimately be at the discretion 
of tha attendant physidan or veterinarian. In general however a suitable doaa will be In the range of from about 
SJ 0.1 to 750mgykg of bodyweight par dsy, preferably In the range of 0.5 to 60 mg/kg/day, moat preferably In the 
range of 1 to 20mg/kg/day. 

Treatment la preferably commenced before or at tha time of Infection and continued until vlrua la no longer 
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present in the respiratory tract However the compounds axe also effective when given post-infection, for ex- 
ample after the appearance of established symptoms. 

Suitably treatment Is given 1-4 times daily end continued for 3-7, e.g. 5 days post infection depending upon 
the particular compound used. 
5 The desired dose may be presented In a single dose or as divided doses administered at appropriate In- 

tervals, for example as two, three, four or more sub-dosee per day. 

The compound la conveniently administered in unit dosage form for example containing 10 to 1500mg t 
conveniently 20 to 100Qmg, moat conveniently 50 to 700mg of active ingredient per unit dosage form. 

Whfla K la possible thst for use in therapy, a compound of the invention may be administered aa the raw 
io chemical it la preferable to present the active ingredient aa a pharmaceutical formulation. 

The Invention thus further provides a pharmaceutical formulation comprising a compound of formula (1) 
or a pharmacauticaily acceptable salt or derivative thereof together with one or more pharmaceutical^/ ac- 
ceptable carrier* therefor and, optionally, other therapeutic and/or prophylactic Ingredients. Hie carriers) 
must be 'acceptable' in the sense of being compatible with the other ingredients of the formulation and not 
is deleterious to the recipient thereof. 

Pharmaceutical formulations indude those suitable for oral, rectal, nasal, topical (including buccal and 
sub-lingual), vaginal or parenteral (including intramuscular, sub-cutaneoue and intravenous) administration or 
in a form suitable for administration by inhalation or insufflation. The formulations may, where appropriate, be 
conveniently presented in discrete dosage units and may be prepared by any of the methods weU known in 
30 the art of pharmacy. Ail methods indude the step of bringing into association the actrve compound with liquid 
carriers or finely divided solid earners or both and then, if necessary, shaping the product into the desired 
formulation. 

Pharmaceutical formulations suitable for oral administration may conveniently be presented as discrete 
units such aa capsules, cachets or tablets each containing a predetermined emount of the active ingredient: 

28 aa e powder or granules; aa a solution, a suspension or as an emulsion. The active ingredient may also be 
presented aa a bolus, electuary or pasta. Tablets and capsules for oral adminiatration may contain conventional 
exdpients such aa binding agents, fillers, lubricants, disinfectants, or wetting agents. The tablets may be coat- 
ed according to methods well known in the art Oral liquid preparations may be si the form of, for example, 
aqueous or oiy suspensions, solutions, emulsions, syrups or elixirs, or may be presented aa a dry product for 

JO constitution with water or other suitable vehide before use. Such liquid preparations may contain conventional 
additives such as suspending sgeno, emulsifying agents, non-aqueous vehtdes (which may Indude edible 
ois), or preservatives. 

The compounds according to the invention may also be formutatad for parenteral administration (e.g. by 
Injection, for example bolus injection or continuous Infusion) and may be presented In unit dose form tn an> 

is poutes, pre-f Hied syringes, small volume infusion or in multi-dose containers with an added preservstJve. The 
compositions may take such forms ss suspensions, solutions, or emulsions In oly or aqueous vehldes. end 
may contain formulatory agents such as suspending, stablising and/or dispersing agents. Alternatively, the 
actrve Ingredient may be in powder form, obtained by aseptic isolation of sterile solid or by lyophlllsation from 
solution, for constitution with a suitable vehide, e.g. sterile, pyrogen-free water, before use. 

40 For topical adminiatration to the epidermis the compounds according to the invention may be formulated 
aa ointments, crssms or lotions, or as a transdermal paten. Olrrtmenta and creams may, for example, be for- 
mulated with an aqueous or oily base with the addition of suitable thickening and/or gelling agents. Lotions 
may be formulated with an aqueous or oily base and will In general also contain one or more emulsifying agents, 
stabs' tsing agents, dispersing agents, suspending agents, thickening agents, or colouring agents. 

45 Formulations suitable for topical adminiatration In the mouth Indude lozengee comprising active ingredient 
in a flavoured base, usualy sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an 
inert base such aa gelatin and glycerin or sucrose and acacia; and mouthwashes comprising the active ingre- 
dient in a suitable aqua* carriet 

Pharrnsceuticat fennulatione suitable for rectal administration wherein the carrier ta a solid are moat pre- 

» ferabty presented aa unit does suppositories. Suitable carriers indude cocoa butter and other materiaia com- 
monly used in the art and the suppositories msy be conveniently formed by edmixture of the sctive compound 
with the softened or melted carriers) followed by chilling and shaping in moulds. 

Formulations suitable for vaginal administration may be presented aa pessaries, tampons, creams, gels, 
pastes, foams or sprays containing in addition to the active ingredient such carriers ss are known in the art 

ss to be appropriate. 

For intranasal administration sccording to the method of the invention the neuraminidase inhibitors may 
be edministered by any of the methods and formulations employed in the art for intranasal administration. 
Thus in general the compounds may be administered in the form of a solution or a suspension or aa a dry 
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powder. 

Solutions and suspensions will generally be aqueous for example prepared from water atone (for example 
sterfle or pyrogen**** water) or water and a physiologically acceptable co- solvent (for example ethahol, pro* 
pylene glycol. poryethtene glycols such as PEG 400). 

s Such solutions or suspensions may additionally contain other exciplents for example preservatives (such 

as be nzalkonlum chloride), solubillsing sgenta/surfactsnts such ss polysoroatea (e.g. Tween 80. Span 80. ban- 
zaJkonium chloride), buffering agents, Isotonlcity-sd justing sgents (for example sodium chloride), absorption 
enhancers and viscosity enhancers. Suspensions may additionally contain euapendlng agents (for example 
microcrystaJIIhe cellulose, carboxymethyl cellulose sodium). 

10 Solutions or suspensions are applied directly to the nasal cavity by conventional means, for example with 
a dropper, pipette or spray. The formulsttons may be provided In single or muitidose form. In the latter case a 
meena of dose metering is desirably provided. In the case of s dropper or pipette this may be achieved by the 
patient admire taring an appropriate, predetermined volume of the solution or suspension. In the case of e 
sprsy this may be achieved for example by meena of a metering atomising spray pump. 

is Intranasal administration may slso be achieved by meant of an aeroaoi formulation in which the compound 

to provided in a pressure ad pack with a suitable prop el la nt such aa a chJorofluorocarbon (CFC) for example 
dichlorodrfluorornethane. oichlorofluoromethane or dichtorotetrafiuroroethane, carbon dioxide or other suit- 
able gaa. The aeroaoi may conveniently also contain a surfactant such aa lecithin. The doae of drug may be 
controlled by provision of a metered vetve. 

20 Alternatively the cornpounds may be provided in the form of a dry powder, for example a powder mix of 
the compound in a suitable powder base such ss lactose, starch, starch derivatives such ee hydroxvpropyt- 
methyl cellulose end ooiyvinyipyrrolidine (PVP). Conveniently the powder carrier w£ form a gd in ihs nasal 
cavity. The powder composition may be presented in unit doae form for example in capsules or cartridges of 
e.g. gelatin or blister packs from which the powder may be administerad by meena of an inhaler. 

» In the intranasal formulations the compound will generally have e small particle size for example of the 
order of 5 microns or less. Such a particle size may be obtained by meena known in the art for example by 
micronisation. 

When desired, formulations adapted to give sustained release of the active ingredient may be employed. 
The cornpounds of the invention may also be used in combination with other therapeutic agents, for ex* 
jo ample other anti-infective agents. In particuisr the compounds of the invention may be employed with other 
antiviral agents. The invention thus provides In a further aspect a combination comprising a compound of for- 
mula (1) or a pharmaceutical^ acceptable salt or derivative thereof together with another therapeutically active 
agent In particuisr an antrvtal agent 

The combinations referred to above may conveniently be presented for use in the form of a pharmaceutical 
35 formulation and thus such formulations comprising a combination as defined above together with a pharma- 
ceuticaUy acceptable carrier therefor comprise a further aspect of the Invention. 

Suitable therapeutic agents for use In such combinations Indude other anti-Infective agents. In particular 
anti-bacterial and anti-viral agents such ss those ussd to treat respiratory Infections. For example, other com- 
pounds effective sgsinst Influenza viruses, such as amantadine, rimantadine and ribavirin, may be Included 
40 in sucn combinations. 

The kidividual components of such combinations may be administered either sequentially or simultane- 
ously In separate or combined pharmaceutical formulations. 

When the compounds of the Invention are used with a second therapeutic agent active against the same 
virus the dose of each compound may either be the ssme aa or differ from that employed when each compound 
45 to used alone. Appropriate doses wll be readily appreciated by those skilled in the art 

Compounds of formula (I) and pharntaceuticaliy acceptable salts snd derivativee thereof may be prepared 
by the met node outlined below which methoda form a further aspect of the invention. In the following proc- 
esses R. R'. R-.fPandR 4 areas defined for formula (I) unless otherwise specified. 

According to one oenerai process a compound of formula (I) may be prepared by the reaction of a com- 
so pound of formula 0Q 
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with a compound of formula (III) 
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(III) 



where* Lbs leaving group such aa for example SOjH, SCHj, pyraxole. 3.5-dimethylpyrazoie or cya- 
nemide. The reaction will generally be effected in an aaueoua medium in the pretence of a base, for exempts 
an aJkaii metal carbonate such as sodium carbonate. Alternatively compounds of formula (I) may be prepared 
by reaction of a compound of formula (II) wherein R* is cyano with an amine RWH* 

Compounds of formula (II) may be prepared by derivatisation of a compound of formula (IV) 



35 




(IV) 



for example by Eschweler-Clark alkylation (e.g. methyUtion). 

The compounds of formula (IV) are either known in the art (see. for example, Liebigs Arm. Chem. 1991, 
1 29- 1 34) or may be obtained by methods analogous to those for preparing the known compounds. 
40 Compounds of formula (lit) wherein L is SO»H may be prepared by oxidation of a compound of formula 

(V) 

s 

R Nl-r n (V) 

U 

R 

w for example by heating in the prase nee of an oxidant such aa a peroxy add (e.g. peracstic add) in a 

suitable anhydroua solvent such aa acetic anhydride. 

Compounds of formula (V) an either known compounds or may be prepared from known compounds by 
methods analogous to thoae for preparing the known compounds. 

As will be appreciated by thoae skilled in the art tt may be necessary or desirable at any stags in the above 
» described processes to protect one or more sensitive groups In the molecule to prevent undesirable side re- 
actions; the protecting group may be removed at any convenient subsequent stage in the reaction sequence. 

The protecting groups used In the preparation of compounds of formula (I) may be used in convent tonal 
manner. See tor-example 'Protective Groups in Organic Chemistry* Ed. J. F. W. McOmle (Plenum Press 1973) 
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or 'Protect** Group* In Organic Synthesis* by Theodora W Greene (John Wiley and Sons 1981). 

Conventional amino protecting groups may indude (or example aralkyi groups, such as benzyl, diphenyV 
methyl or tn*rtem*nethy1 groups; and acyi groups such as N-benrytoxycamonyi or t- butoxycarbonyl. Thus, 
compounds of genera* formula (I) wherein one or both of the groups R a and R* represent hydrogen may be 
5 prepared by deprotectlon of a correspond ing protected compound. 

Hydroxy groups may be protected, for example, by aralkyi groups, such aa benzyl, dlphenytmethyi or trt- 
phenylmethyl groups, acyi groups, such as acetyl, silicon protecting groups, such as trsnethylsilyl groups, or 
as tetn hydro oyran derivatives. 

Rempvai of sny protecting groups present msy be achieved by conventional proceoVires. Thus an sraJkyf 
io group such aa benzyl, may be deaved by hydrogenoiysis In the presence of a catalyst (e.g. palladium on char- 
coal): an acyi group such as N-benzyioxycarbonyl may be removed by hydrolysis with for example, hydrogen 
bromide h acetic add or by reduction, for exempie by catalytic hydrogenatlon; silicon protecting groupa may 
be removed, for example, by treatment with f luohde ion; tefrahydropyran groups may be deaved by hydrolysis 
under acidic conditions. 

is Where it is deased to isolate a compound of the invention as s salt for example aa an acid addition salt 
this may be achieved by treeting the free base of general formula (I) with an appropriate add, preferably with 
an equivalent amount or with creatinine sulphate in a suitable solvent (e.g. aqueous ethand). 

The present rvention is forther described by the following examples which era far llustratrve purposes 
only and should not be construed as a limitation of the invention. 

20 

Exsmple 1 

5-(Acsry«aminoH-fl»mmo<snrinoim^^ 
txvnon-2-enonlc scid 

2$ 

(!) S-(A<^ty1amlno>U^ano«mino.2.6-enhy ■did 

MAcatyamro>^rr«rio-Z^ add <3g. 

10.35mmd) was suspended in methanol (37.5mJ) and sodium acetate (1.89g. 2X1mmd) waa added, causing 

jo a "caking' of the suspension and making stirring dtf fteutt. To this at 21*C with exdusion of moisture waa added 
a solution of cyanogen bromide <1.14g, I0.8mmoi) In methand (150mJ>, In a drocwiee manner. Stirring grad- 
ually became eesier. untl a resdily stlrrade suspension was obtained. Addition was complete in 3.5 nr. The 
mixture was then stirred at 21*C with exdusion of moisture for 44hr. The small amount of remaining sdid was 
fltered off and advent evaporated In vacuo to an orange- brown foam. The foam wsa taken up in methand 

as (125ml) and with rapid stirring at 21*C waa rested dropwise with proptrv2-d (130ml), The precipitate was 
fltered off, washed with IPrOH:MoOH 3:2. and combined f Urate end washings evaporated to give the title com* 
pound as a pale yellow foam (3.48g). 
Analytical Oats. 

'H NMR (0 2 O) 6 5.65(1H, s H3). 4.30(1H. d, H4), 4.1 8(1H. d. H6) f 4.07(1H. t HS\ 3.90X2H, m. H7.H8). 3.65(2H, 
40 m, H9). 2.08(3H, i. acatyl) ppm. 

IR: (KBr) v 3300 (bd), 2224 (CN) cm-'. 

(in 5^Acety1amlno).4>tt»m*no<amlr»^ 
lacto»non»2-enonic acid 

4$ 

The product of step (0 (500mg, 1.59mmd) was disadved in dried (over 3A md. sieves) methand (20mJ) 
and anhydrous hyotozto* (0J id. 15.9mmd) was added. This waa then stirred at 21*C for 18hr. The whits 
precipiUts waafetsndoff, washed with methand and air-dried (0.1 72 g, 31%). The sdid waa taken up in water 
$2x4) and wtH wanning and swirling, propan-2-d (8.1ml) waa added. The cystallised matanal waa filtered 
so off, air-dried than drtsd under high vacuum to give the title compound aa a whits add (0.127g,). 
Analytical Oats: 

'H NMR : (0,0) «: 5.62<1K d. H3). 4.47(1H, dd. H4). 4.39<1H. d. H8* 4.25<1H. dd. H5), 3.99-3.85<2H. m. 
H7,H8), 3.69-3.60<2H. m. H9). 2.03<3H, s. acetyl) ppm. 

IR: (Nujd): v 3234. 2952. 1885. 1687. 1653, 1819. 1571. 1456, 1411, 1372, 1321. 1275 cwr». 
55 UNA (HjO): Xm-234. EV206.2. 

MA; C„H 21 N»07. 0.2H,O Requires: C 41.06. H 8.15. N 19.96%. Found: C 40.82. H 5.60. N 19.78%. 
CZE: >97% purity. 
M.Pt: (M*«o) >180* 

I 
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Example 1 

S.|ActtvtamlnoM»fT«fTifno(hydroxylmlno)m«tfty1]a^ 
lacto-non-2-enonlc add 

5 

Hydroxylamine hydrochloride (L1g, 15.85mmol)(drted under vacuum over P 2 0|) waa dissolved in dried 
(over 3A moi. sieves) methanol (20ml) and sodium carbonate <0.835g, 7.9mmo0 waa added. Thia waa stirred 
at 21 *C under N 2 for 15min., then solid waa filtered off. To the filtrate wee then added the product of Example 
1 , step (i) (500mg. 1 .585mmol) and stirring under N , et 21 *C continued for 1 6hr. White solid was filtered off. 
to air dried, then dried under high vacuum to give the title compound (Yield, 1 80mg). 
Analytical Data. 

<H NMR : (D,0) 5: 5.62(1 H, d, H3), 4.48(1 H. dd, H4), 4.38<1H. d, H6). 4.27(1H, dd. H5), 3.9S-3.86(2H, m, 
H7.H8), 3.70-3.60X2H, m, H9), 2.02<3H. s, scstyt) ppm. 
IR: (nujoi) v 3238, 3086, 3924. 1626, 1554, 1457, 1402, 1376, 1322 cnr*. 
1$ UV: (H20) JU^* 234nm, £«,■ 154.1. 

MA: C,iHaN«O t . 1.6N«CI. O.SHjO Requiree C 31.97. H 4.69. N 12.43, C1 12.58% 
Found: C 31.60. H 4.44, N 12.40. CI 12.40%. 
CZE: 97.9% purity. 

» Example 3 

S^AcetylemlnoM-riamlnofmethyllmlnojmethynam 
to*fion*2»enonic acid 

28 5^Acety<amino)-4-<Yanoa/nino-2.&^nhydro-^^ enopyranoeonic 

acid (500mg, 1.58 5m moi) wee dissolved in dried (over 3A mot. sieves) methanol (12ml) and methyl amine 
(33wt% solution in ethanol. 1 .93ml. 15.85mmo!) waa added. Thia waa stirred el 21*C for I8hr. The precipitate 
waa filtered of f and air dried to a white solid (1 27mg,23%). This was recrysiaflised from water (1 .4ml) and prop- 
an-2-ol (6.9ml). The product waa fi tared off and dried under high vacuum to give the title compound as a white 

jo solid (56mg, 10.2%). Concentration of mother liquors gava a further 21.3mg (4%) of product 
Analytical Data 

'H NMR: (0,0) 8 : 5.62<1H. d. H3). 4.46(1H, dd. H4). 4.33(1 H, d. H6). 4.24(1 H ( dd. H5), 3.98-3.90(2H. m, 
H7*H6). 3.70-3.60X2H. m. H9). 2.83(3H. s. NHMe). 2.01(3H. s. NHCOMe) ppra 
IR: (Nujol): v 2953. 2923. 2853. 1633. 1483. 1376 cnr'. 
35 UV: (HjO): ^=235 nra E«,a197.8, 

MA: Ci,H a H 4 Or. 0.6H,0 Requires: C 43.72. H 6.54. N 15.69%. Found: C 43.71. H 6.59. N 15.51%. 
CZE: 97.7% purity. 
M.Pt: (M'k,) >180*C 

w Example 4 

5^A ce tyUm lno)^rf»mino( nitre! mm 
non»2-enonic acid 

45 (I) 2-MethyM-nrtfo-2-thtopsoudouraa 

2 Miiirijil T irinoeeiirlnirnniiim sulfate ( 1 ) (2g. 7. 1 8mmoi) wee added portionwiee over 1 0min. to a nitrating 
mixture of 2mJ c* taring nitric acid and 6ml of 98% sulfuric acid. The nitration waa carried out at- 10*C for ad- 
dition of half of tn* reacting subetanca, then at 0"C to *5*C for the remainder. The solution waa then mood ad 
so to 0*C and pound onto ice (85g). The precipitate waa fitered off. waahed with water (15ml) then air dried. 
This was recrystatiieed from ethanol / water 1:2 (50ml) to give title compound as a white crystalline solid 
<i.i8g). 

Analytical Data: 

'H NMR : (DMSO): 5: 9.12(2H. *bd). NHJ. 2.40(3H. s. CHJ ppm, 
55 IR; (DMSO): v 1647. 1528. 1487. 1455. 1294. 1254 cm-'. 
UV: (Ethanoi)JU«=279 nm, E'^eB. 

MA: CjHjNjO^ Requres: C 17.77, H 3.73. N 31.10, S 23.72%. Found: C 17.31 H 3.60. N 30.70, S 23.57%. 
M.Pt: (M**) 164.5*C. 
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(II) S^AcetylemmOr^[ramlno<nrtrolmlno)methy<]am^ 
licto-nor*2-+noft*c ectd 

5^Acery1eiTilr»)^nimo-ZB-anhy<ir^ enonic acid (200mg» 

5 0.689mmoi) was dissolved In absolute methanol (2.7ml) by tha addition of triethytamine (0.098ml. 0.690mrnoi). 
2-MethyM-nlm>2- thlopaeudourea (103mg,0.757mrnoi) waa than addad. Tha mixture wee war mad to 40*C 
with ttirring under nttrogan for 2hra, than atirrad at 21*C for 16hr. The addition of raagant and haating and 
stirring waa repeated twice mora. Tha cod ad mixture waa than filtered and tha white aoiid waahad with me- 
thanol. Combined filtrate and waahinge ware evaporated and the residue purified by ton exchange chroma- 
io tography (Dowex 50Wx8(H+) reato. elutlng with water. Appropriate fractione were combined and freeze dried. 
Thereakjue wee triturated with warm water (4ml), and tha off-white solid filtered end dried under high vacuum 
to give the title product (Yield ■ 50mg). 
Analytical Data: 

<H NMR: (D,0): & 5.95(1 H. d, H3), 4.80(1 H. m, H4), 4.45(1 H. d. H6). 4.25 (1H. t, H5). 3.85-4.00<2H. m. 
13 0.5H9*H8), 3.60-3. 75(2H. m. 0.5H9+H7). 2.00(3H. s; Ac)ppm. 

iJC NMR: (0,0): 21.8(Ac CH*). 47.5(C5). 50.0(C4). 63.0(C9), 67.9<C7). 69.9(C8). 75.9<C3). 144<C2). 

159.4(guanidtno), 174.5 (CI), 18&9(Ac C=0). 

IR: (0MSO):v 1260 em-» (NO,). 

UVt JW272nm, E 1 i«404.9 
20 MA; C„H 1t N»CVH^) Requ*ea: C 34.88. H 5.61. N 18.95%. Found: C 34.84. H 5.11. N 17.00% 

CZE: >91% purity. 

M.Pt >230*C (dec) 

Example S 

23 

MAcervlamlnohMramlno(ethox*carbony1lmlno)meth^ 
cero»0-galacto»non-2*enonlc acid 

(I) 2»Methy1-1^thoxycart)onyl»2-thiopseudouraa 

30 

To a solution of sodium ethoxide In ethsnot (made by addition of sodium (0.1 55g. 6.7mmol) to dry atha- 
nd(15ml)) was added methyl Iodide (1.47ml. 23.6mmo0 followed by N<s*t*thoxythiourea <1.0g. 6.7mmol). 
The resulting solution was stirred at 21*C undar nitrogen for 1hr. This was then treated with ether (32mt) and 
the resultant precipitate f fltered off. The titrate waa evaporated to a dear syrup, which crystallised at 0-4M to 
as grve the title compound as a white solid (0.815g). 
Analytical Data: 

'H NMR: (DMSO)* 8.62<2H. s. NH,), 4.0(2H. q. J«7Hx. CHj). 2.32(3H. s. SCH,). 1 1 8<3H. U-7HZ, CH,) ppm. 
IR; (Nufol):v: 3338. 1663. 1593 cm*' 

40 (li) 5-(Acety1aminoM^amino<ethoxycartanylimlno)m^ 
galacto-non-2-enomic acid 

5^AeetytamlnoM^n*«c^6-anhy sdd (200>ng, 

0.69mmol) waa dlsaolved m methanol (2.7ml) by the addition of trlethylamlne (0.098ml. 0.69mmoi). To t hit waa 

4S added 2~n*thyM^harycartonyl-2^ (112mg. 0.69mmoi), the resulting solution heated at 

50^C for 5hr. and then stared at 21*C for 18hr. Thia proceaa waa repeated 3 mora times and then stirred at 
50*C for 3 days mem The) whole waa then evaporated to drynese . rediaaoived in methanol (4ml) and purified 
by preparative TUfc eJuttaQ with n-butanol / acetic acid /water 3:1:1. Appropriate fractions (Rf - 0.3 appro*,) 
were removed ftosatfw sale* by stirring in methanol. The euspeheion waa filtered to remove sitae, then evepo- 

so rated to e guiaThai we* triturated with ethyl acetate, stirring vigorously for 1 nr.. and the off-white aoiid filtered 
and dried undar high vacuum to givo the title) product (85mg, 31%). 
Analytical Data: 

'H NMR; (0,0): 5 Indudee: 5.62(1K d, H3). 4.82(1M. m. H4). 4.46-4-25<4H, m. H5*H6*Et CHrf. 3.99- 
3.87(2H.m. 0.5H94H8). 3.6M.60(2H. m, 0.5H9*H7). 1.95(3H. a. Ac). 1.30(3H. C Et CH,) ppm, 
59 MS:nVn405(MM1.427(MNa*). 

IR: (Nujol): v 2953. 2924. 2853. 1581. 1481. 1377 cnr\ 
UV: (EtOH): X w-a *227nm. 6 1 ,«244. 
CZE: >92% purity. 
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[alo»: *19.3V 

M.PL: (M',a): 232»C (ctoe.). 

Example 6 

a 

Biological Activity 

The compounds of Examples 1 to 5 war* examined for their ability to inhibit In vitro N2 Influenza neura- 
minidase and influenza virus repiicaiton. The results are shown in Table 1. 
10 The teat methods were aa follower 

(a) In vitro assay against N2 Influenza neuraminidase 

Vetoes for Kao were measured via a spectrofluoromotrtc technique which usee the ftuoroganJc substrata) 
is 4-methyiumbelliferyl N-ecerytneuraminic acid (MUN). as described by Meyers at al. . Anal. Bbchem. 1 080 101, 
166-174. For both enzyme*, the eaaay mixture contained teat compound at several concentrations between 
0 and 200u/nH in buffer (32.5 mMMES. 4mM CaClj. pH 6.5 for H£) using virion (X31 ) aa the source of enzyme. 

The reaction waa started by the addition of MUN to final concentrations of 75 or 40 uM. After 1 5 minutea 
at 37*C 15uJ of stop mix (5:1 EtOH:0.5M NaOH) waa added to 5ui reaction volume to terminate the reaction. 
20 Ruoreecence waa read at excitation 365 nm, emission 450 nm and appropriate MUN blanka (containing no 
enzyme) were subtracted from readings. The waa estimated from plots of % inhibition against log inhib- 
itors}. 

(b) Inhibition of influenza virus replication in vitro 

28 

Inhibition of Influenza A/Singapore/ 1/57 (H2N2) and influenza B/Vfctoha/ 102/85 replication in vitro wee 
meaaured by reduction of viral plaque formation in Madin Darby canine kidney (MOCK) ceUs. 

Monolayers of confluent MOCK cetta, grown in six wet tissue culture piatee, were inoculated win 0.3 ml 
of virus diluted to give about 50-100 plaques/weil. virus waa diluted in serum-free minimal essential medium 
30 (MEM) containing 2 ug/mJ r^oeyM -phenyl sisnine chloromethyt keton (TPCK) treated trypsin (Worthington 
Enzymes), and test compound. 

virus waa adsorbed at room temperature for one hour, and the calls than overlaid with defined cell culture 
medium, version 1 (DCCM-1)/agar overlay containing test compound, 4 ml/wen. DCCM-1 is a serum-free com- 
plete oetl growth medium (Biological Industries), to which TPCK treated trypsin and OEAE-dextran to a final 
35 concentration of 2 ug/ml and 0.001 % respectively, went added. Agar (5%) (Indublose) waa diluted 1:10 in the 
overlay before being added to the plate. 

Once overlaid, plates were Incubated at 37*C, 5% COj for 3 days. Cela ware then fixed with 5% glutar- 
aldehyde. stained with earbol ftjshin and the viral plaques counted. 



TABLE I 



Compound of Example New 


NA1 (ug/ml) 


l M Plaque Aaaay (ugAnl) 


Flu A 


FluB 


1 


1.3 


2.9 


3.0 


'. ' 2 


0.6 


ai 


<0l1 




4.2 


3.0 


NT 




1.0 


30.0 


24.0 


7 '- ' s 


6.9 


1.7 


0.0 
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Example 7 

Pharmaceutical Fonmialtlona 
$ Intranasal Formulatlona 





(I) AQUEOUS SOLUTION 


%wrw 




Compound of formula (1) 


10.00 


10 


BenzaJkonium chloride 


0.04 




Phanyiathyt alcohol 


0.40 




Purified watar 


to 100% w/w 


15 


(II) AQUEOUS COSOLVENT 

SOLUTION 


% w/w 




Compound of formula (1) 


10.0 


20 


Benzalkonium chloride 
Polyethylene glycol 400 


0.04 
10.0 




Propylene glycol 


ju.u 




Purif iad watar 


to 100% w/w 


25 


(10) AEROSOL FORMULATION 


%Ww 




Compound of formula (1) 


7.5 




Lactthin 


0.4 


JO 


Propellent 11 


25.6 




Propellent 12 


W.5 




(tv) DRY POWDER FORMULATION 


%WfW 


3S 


Compound of formula (1) 
Lactose 


40.0 
60.0 



Thoao formulations are prepared by admixture of the active ingredient and excipienta by conventional 
40 pharmaceutical methods. 

Clalma 

a 1. Aconwufrfof(brmuuj(l> 

55 
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wherein R (a hydrogen or substituted or unsubstitutad Ci^alkyf or ary* and 

R\ R* R» and R 4 . which may be the same or different are hydrogen, substituted or unsubstltuted 
Cv^aikyt. Cvtcydoaikyl, C,-»aikoxy. substituted or unsubstltuted axyt or araJkyi, substituted or unaubati- 
tuted arytoxy or araikyioxy, amino, hydroxy, cyano. nitro, COR*. CO,R« or SOjR* (In which R« Is hydrogen 
or substituted or unsubstitutad C 1 ^ky1 or araJkyi) or CONRW (In which R* and R T . which may be the 
same or different are hydrogen or substituted or unsubatituted Ci^aJkyt or araixyf), 

or R' and R*. together with the attached mtrogsn atom, form a saturated or unsaturated monocydie 
5 to 7-membered ring which optionally contain* an additions* hetercstem. 

or R 1 and at leeat one of R J end R 4 . together with the attached N-C-N chain, form a saturated or 
unsaturated monocydie 5 to 7-membered ring which optionally contains an eddftloneJ heteroetom, 

or R* and at least one of R* end R 4 , together with tha attached N-C-N chain, form an unsaturated 
monocydie S to 7-membered ring which optionally contains an addfctortaJ heteroatom, 
with the proviso that at laast one of R\ R s . R* and R* to other than hydrogen, 
and pharmaceuticaJry acceptable salts and phs/maceutlcsJIy acceptabfa derivatives thereof* 

A compound as daimed In Claim 1 wherein R la hydrogen or substituted or unsubstltutad C^ alkyt; and 
RV R>. R" and R* are the same or different end are hydrogen. Chalky, amino, hydroxy, -cyano. C**a»- 
koxycarbonyi or nitre. 

A compound as daimed In claim 1 or daim 2 wherein R la methyl or halogen-subiltutad methyl. 

A compound as d aimed In any one of dalms 1 to 3 wherein R 1 Is hydrogen, one of R* R* and R 4 Is Ci-iaJkyI, 
amino, hydroxy, cyano, nitro or C^aJkoxycarbonyl and tha others are hydrogen. 

Accrnpoundasdaimedln any one of Claims 1 to 4 wherein R\ R* and R 4 are hydrogen and R* ta Ci_*aikyt, 
amino, hydroxy, cyano. nitro or C^aiJuxycarbonyt. 

A compound selected from 
5^AcetyU»iww)^afi*^m* 
2-enooie ecidj 

S^Acatyu*»a^)^aii»nc<amw 
2-armleack 4 «v 

1 [At «j< asanas) < Ppislisi <iiiainsninn)iTiBjl il yHimannl T n antrylrn 1 1 f T"T~r ~ [ft 1)""' 

I l^ i M I ^ jilmliiiili ill nn ' ill ft ai- r t it n T — — -- T -^ "n^^ 

non-2-efsssssaeJaVsn* 
SHAcatilauaVas) < |fri*MKsthojrycarbo^ 
gaiacto-non^-enonic add; 

and pharrraceuticatty acceptable salts and derivatives thereof. 

A compound as daimed In any one of Clakna 1 to 6 far uae in medidne. 

A compound as daimed in any one of Claims 1 to 7 for use In the manufacture of a medicament for the 
treatment of a mammai. induding man. suffering from s viral Infection. 
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1S 



9, a pharmaceutical fermutttJon comprising s compound of formula (I) as defined In any one of Qalma 1 to 
7 together wttfi e p*uariT»csutlcally acceptable carrier therefor. 

10. A method for the preparation of a compound of formula (0 as defined in any one of Claim* 1 to 7 which 
comprises reading a compound of formula (II) 




NHR 1 



wherein R' and R 1 are aa defined for formula (I) 
(A) with a oompound of formula (Ml) 



(ID 



R N^^N^ 



(III) 



wherein R* R» and R 4 are aa defined for formula (1) and L la a leavirtQ group, or 

(B) wherein R la aa defined for formula (I) and R 1 la cyano with a oompound of the formula R*NHi 
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